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ELECTRONIC FUNDAMENTALS, SERVICE PRACTICES 8 


Service Practices 8 


INTRODUCTION 

Every profession or trade uses measuring 
instruments. One of the most important 
measuring instruments used by radio and 
television servicemen is the multimeter. It 
is important to be able to use your multi¬ 
meter correctly and to be sure that it is 
always in correct operating condition. 

The first part of this Service Practices 
booklet explains how to judge the readings 
you get on your multimeter. If you do not 
know how to judge multimeter readings, you 
will not be able to use your multimeter to 
help you find trouble in radio and TV sets. 
It is possible that, you may mistake a correct 
voltage, resistance, or current for an in¬ 
correct one just because you are not using 
your meter properly. 

The second part of this booklet discusses 
how to locate and correct any defects in the 
multimeter itself caused by incorrect wiring, 
defective parts, or incorrect use. 

PART ONE 

8-1 METER INDICATIONS 

When you make a measurement with a 
multimeter, you must know what reading to 
expect if the circuit is operating properly. 
If you do not get the reading you expect, and 
you are using your meter properly, you know 
that there is trouble in the circuit you are 
measuring. But if you are not using your 
meter properly, you will not get a useful 
reading from the circuit under test —- even 
a circuit that is operating correctly may 
seem to be defective. 

Para! I ax. It is possible for you to get a 
correct reading on your multimeter and still 
not know that it is correct just because you 
are looking at the meter scale and pointer 


from the wrong angle. This is due to paraU 
lax , which may be defined as the seeming 
difference in the position of an object when 
seen from different positions. 

Let’s try a little experiment to see how 
parallax affects meter readings. You will 
need an ordinary table knife. Hold the knife 
over the 0-100-volt meter scale shown in 
Fig. 8-la, with the blade straight up and 
down and with the lower edge about two 
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inches above the scale, as shown in Fig. 
8-1 b. With your eyes about four inches above 
and directly over the upper edge of the 
blade, look at the meter scale. Note the 
reading. With your head moved a little to 
the right of the blade, take another reading. 
Then move your head a little to the left 
of the blade and take one more reading. 

If you hold the knife directly over the 
center of the scale, the first reading should 
be about halfway between 40 and 60 — 
giving a reading of 50 volts. With your head 
moved to the right of the blade, the reading 
falls somewhere between 40 and 50 volts, 
while with your head to the left of the 
blade, the reading is between 50 and 60 
volts. The only correct reading is the one 
taken directly over the blade. The difference 
between this and either of the other readings 
is due to parallax. The only correct way to 
read a meter is to place yourself directly 
in front of it, with the calibration, the 
needle, and the center point between your 
eyes all in the same straight line. 

Voltage Indications. As you know, your 
d-c voltmeter can be used on either the 
5 VDC, 25 VDC, 100 VDC, or 500 VDC 
ranges. When the test prods are connected 
to a circuit in a radio receiver to measure 
d-c voltage, the potential being measured 
always appears across a circuit containing 
resistance. The value of the resistance in 
a circuit may be very low, very high, or 
somewhere in between. Sometimes the cir¬ 
cuit across which the d-c voltage is being 
measured is in series with other circuits 
that may have low, medium, or high values 
of resistance. Figure 8-2 shows 10 volts 
d.c. applied to two series resistors, and 
/? 2 * From your study of Theory Lesson 8, 
you know that, in a series circuit, the cur¬ 
rent flowing is the same in any part, and 
that the sum of the voltage drops is equal 
to the applied voltage. Because this is so, 
we can also say that the voltage drop across 
any part of a series circuit is in proportion 
to the resistance of the part divided by the 
total resistance of the circuit . Therefore, 
the voltage across R 2 equals the applied 
voltage multiplied by R 2 divided by R j plus 
R 2 , or 


^applied x R 2 

E K 2 = - 

*1 + R 2 

10 x 100,000 
100,000 + 100,000 

1 , 000,000 

200,000 

= 5 volts 



Fig. 8-2 

Therefore, you expect that the reading oq 
the multimeter will be 5 volts. Yet, if you 
measure the voltage across R 2 , using the 
5 VDC scale, the meter will show a reading 
of only 3-33 volts. What causes the d-c volt¬ 
meter to indicate 3-33 volts across R 2 when, 
according to our rule, you should expect 
5 volts to appear across it if a potential of 
5 volts does exist across R without the 
voltmeter connected? Apparently the volt¬ 
meter affects the circuit. With the voltmeter 
connected, the voltage across /? 2 is de¬ 
creased. How does the voltmeter cause this 
reduced voltage reading? To find an answer, 
let's look at the circuit when the meter is 
connected across R 2 . 

Looking at Fig. 8-3, you can see that 
when the test prods are connected to R ^, 
the voltmeter itself becomes a part of the 
circuit under test. In the 5 VDC position, 
the voltmeter resistance equals 100,000 
ohms (the 98 k-ohm multiplier in series with 
the 2,000-ohm resistance of the meter move- 
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when the /oo,ooo-ohm meter resistance 
is in parallel with the /oo.ooo-ohm 
resistance of f> 2 , the effective resist¬ 
ance is reduced to 60,000-ohms. 

Fig. 8-3 

men t) This 100,000 ohms is in parallel with 
« 2 , which also has a value of 100,000 ohms. 
The equivalent resistance of R i n parallel 
with the voltmeter is: 2 r 

L00,000 X 100,000 = (100,000)2 

100,000 + 100,000 ~ 200,000 

— 50,000 ohms 

E applied 



R eq ( th e equivalent of r 2 in parallel 
with the 5-v d-c voltmeter) has a 
voltage of 3.33 volts across it. 

Eig. 8-4 

Figure 8-4 shows that connecting the volt¬ 
meter across the circuit makes it seem that 
the resistance of R 2 is reduced from 100 k- 
to 50 k-ohms. With the voltmeter connected, 
R 2 is now identified as R e The 10-volt 
potential applied to the circuit does not 
divide equally between both resistors as 
before but now causes a smaller voltage to 


appear across A eq , since it has been reduced 
in value from 100 k- to 50 k-ohms by the 
shunting effect of the voltmeter circuit The 
voltage across R 2 i n parallel with the volt¬ 
meter (R eq ) as read by the meter is: 


"Req 


applied x 


R 


eq 


+ R 

1 e q 

= 10 x 50,000 

100,000 + 50,000 

500,000 

150,000 

= 3.33 volts 


where 


£ Req ls the Potential across the 
parallel combination of 
and the voltmeter. 

^applied is 10 volts 

^1 is the 100,000-ohm resistor. 

If you measure the voltage across R with 
the RANGE selector switch in the 25 VDCposi- 
tion instead of the 5 VDC position, the cir¬ 
cuit will be as shown in Fig. 8- 5a. We can 
see that the total voltmeter resistance 
equals 500,000 ohms. The equivalent re¬ 
sistance of R 2 is parallel with the meter is: 


R 


eq = 


500,000 x 100,000 
500,000 + 100,000 

5 x 1010 


6 x 105 

83,300 ohms (approx) 


as shown in Fig. 8-56. The potential across 


q 1^. 


E R 

applied x eq 

' Re< * " T~r - 

eq 


1 


10 x 83,300 
183,300 

= 4.34 volts 
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where: 


is the potential across the 

Req 

parallel combination of 
/?2 and the voltmeter. 


100,000 x 2,QQ0,000 
100,000 + 2,000,000 

2 x lO. 11 
2.1 x 106 


^applied is 10 volts 

^1 is the 100 k-ohm resistor 


applied 



When the 500,000-ohm voltmeter 
resistance is in parallel with the 
100,000 —ohm resistance of 
the equivalent resistance is 83,300 
ohms. 


(a) 


E applied 



R eq ( r 2 /n porallel with 25 v d-c 
voltmeter resistance) has a volt¬ 
age of 4.54 volts across it. 

(b) 

Fig. 8-5 

Suppose that you were to use the volt¬ 
meter with the RANGE selector switch in the 
100 VDC position to indicate the voltage 
across R 2 . Figure 8-6a shows that the re¬ 
sistance of the -voltmeter circuit equals 
2,000,000 ohms. When the test prods are 
connected to R 2 , the shunting effect of the 
voltmeter causes the effective resistance of 
R 2 to be reduced from 100,000 ohms to: 


2 x 105 

2.1 

= 0.952 x 10 5 

= 95,200 ohms, 

as shown in Fig. 8-66. The voltage across 
R e q is: 

E R 

Er> applied x ^eq 

Keq sr ----.- 

^1 + ^eq 

10 x 95,200 

100,000 + 95,200 

952,000 

195,200 

= 4.88 volts 

where 

^Req * s t * le voltage across the 
parallel combination of 
R2 and the voltmeter. 

^ applied is 10 volts 

^1 is the 100,000-ohm resistor. 

Circuit Loading. If you compare the volt¬ 
meter readings obtained across /? 2 when the 
RANGE selector knob was in the three dif¬ 
ferent multiplier positions, you will learn 
that: 

1. A voltmeter acts in parallel with the 
circuit being tested, and, therefore, lowers 
the resistance value of the circuit that it 
is used to test. 

2. The lower voltmeter multiplier circuits 
have less resistance than the higher ranges. 
This causes the lower ranges, when used, to 
change and lower the resistance of the cir¬ 
cuit being tested to a greater degree than 
when the higher ranges of the meter are used 
to make measurement of voltage. 
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applied 



When the s,000,000 - ohm voltmeter 
resistance is parallel with 100 , 000 - 
ohm resistance of r 2 , the equiva¬ 
lent resistance is 95,200 ohms, 

(a) 

£ applied 



R eq ( r 2 in parallel with too-v d-c 
voltmeter resistance) has a voltage 
of 4.88 volts across it. 

(b) 

Fig. 8-6 

When a voltmeter changes the resistance 
value of the circuit to which it is connected, 
we say that the meter loads the circuit.' 
Circuit loading takes place whenever a 
meter such as yours is used to measure 
voltage. In many cases, the loading is so 
slight that it makes little or no difference 
in the voltage reading. However, under 
certain conditions, the loading is so great 
that the error in the voltage reading is very 
large. Voltmeters give accurate readings 
when: 

1. The resistance of the voltmeter is 
much greater than the resistance being 
tested. (A rule of-thumb is that when 
the meter resistance is ten or more 
times the resistance of the part of the 


circuit being tested, the error is so 
small that it may be ignored.) 

2. The equivalent resistance of the meter 
in parallel with the part of the circuit 
being tested is much greater than the 
sum of all other resistance values in 
series with the circuit being measured. 

The higher the voltage range of the meter, 
the higher is the meter resistance. You have 
seen, in the three examples already given, 
that the amount of error became smaller as 
the resistance of the meter became larger 
in comparison with the part of the circuit 
being tested. This being so, a low-voltage 
reading obtained on a high-voltage range 
may be more accurate than a reading taken 
on a low-voltage range. However, the lower 
voltmeter scales do not always cause in¬ 
correct readings. For example, if ^ and R 
each had a resistance value of ip00 ohms 
instead of 100,000 ohms, as shown in Fig. 
8-7, the voltage across « 2 without the volt¬ 
meter connected would be: 


"R2 


^applied x ^2 
“*1 + *2 


10 x 1,000 

1,000 + iTooo 

10,000 

~ 2,000 

5 volts 


applied 
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When the voltmeter is connected to R 2 
with the RANGE selector knob in the 5 VDC 
position, the parallel-resistance combination 
of the voltmeter resistance (100,000 ohms) 
in shunt with R 2 (1,000 ohms) shown in Fig. 
8-8a is: 


R „ 1,000 x 100,000 

ec * " 1,000 + 100,000 

100 , 000,000 

101,000 

= 990 ohms 


applied 



When the 100,000 -ohm resistance of the 
5-v d-c voltmeter is in parallel with 
the 1 , 000 -ohm resistor Rg, the equiv¬ 
alent resistance is 990 ohms. 

fa) 


E applied 



Req < r 2 m porat/ei with 5-v d-c 
voltmeter) has a voltage of 4.97V 
across it. 


(b) 

Fig. 8-8 

The required voltage across R e q, shown 
in Fig. 8-8 b, is: 



E i- , R 
applied x eq 

R, + Rf*n 
1 eq 


10 x 990 
1,000 + 990 


9,900 

1,990 

= 4.97 volts 


As you can see the meter causes practically 
no error when its resistance is very much 
higher than the resistance of the part of the 
circuit being tested. 

When the combination of the meter and 
the part being tested has much greater re¬ 
sistance than the rest of the series circuit,; 
meter loading will affect the voltage reading; 
very little. Figure 8-9a shows two resistors! 
in series connected across ten volts. R^ 
measures 1,000 ohms and R 2 is 100,000 
ohms. The voltage across R 2 is: 


E applied x ^2 
R2 Rj + #2 

10 x 100,000 
1,000 + 100,000 

1 , 000,000 
101,000 
= 9.90 volts 

When the 25 VDC position is connected a- 
cross R 2 (Fig. 8-9&), R 2 is in parallel with 
500,000 ohms meter resistance. The equiva- 


100,000 x 500,000 

100,000 + 500,000 

50 x 109 
0 x 105 

50 x 10 4 
~6 

8.33 x 10 4 


lent circuit is: 


eq 


83,300 ohms 
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Req 


app lied x 

R 


R 


oppfied 


h + R t 


eq 


eq 


= 10 * 83,300 

1,000 + 83,300 

8330 

843 

9.88 volts 

has ^ 


8‘2 METER SENSITIVITY 


of current required ^ the amount 

™ ^en so ra tef the 6 g ° t0 

quires the least amount of meter . that re- 
the most sensitive. For e current is rated 
meter movement used in xam £^ e > ,f he basic 
* ver y sensitive J '° Ur m "'‘ime,er is 

5» microamperes o ’ " only 

moving coil to force the ."'T throu S t 'he 
Another way uses ' „r t0 Ml —le. 
which i s used • hms -per-volt rating, 

ohms-per-volt rating is fou^b The 
raet er resistance by the „ ydlVldin S the 
indicated when the needl ber ° f voIts 

a particular vo^%f n :: ^ ^ 

resistance i s t h e sum^f T 8 The meter 

the basic meter movement and ? S1Stance of 
resistance f or rh~ n . c and the multiplier 

-pie, yJ J'UZT*' SCa,e - F « «- 
100,000 ohms on the 5 & y^ r resistance of 
sensitivity i s f oun d bv i- ran « e ‘ The 
5 (the number of Volts £?*“* 100 ’° 00 ^ 
scale deflection of the ^ a fuJ1 ' 

that 20,000 ohms is the In ^ We find 
sensitivity of yo Ur mef( , S ™,f r and that the 

V0lt * You will find thatVoV 2 !!’ 000 ° hmS per 

*“" r “ *hich scX yofase." **“ 



4 98,000n 


2,000 n 


the 25-1 d°°'°°o, t ~°t m res ' sf °nce of 

;f. ^ ^ por z e ' 

equivalent resistance is 93 J 0 % 

(b) 

Fig. 8-9 

reading'“f s m^ hi J her s «ie. If t f 
scale, you can be If ^ ° H the J °w< 
loading the circuit. Whe'f meter 1 

year reading on the highest sc f^f" 8 ’ tak 

yon a readable voltageldicaS,? ^ 


most casp<? ^.l 

m .eter, you do not have To wT" 8 y ° Ur VoJt ' 
circuit loading anr j : ° rr ^ 11111 about 

However, whe/y^-dings, 
accuracy of a voltave r , ,. d bt ab °ut the 

y°n may suspect to be circaif’ I ^ “ what 

CIrcuu fading, take 


The 1000 Ohms-Per-Volt D r u , 

Not all meter are as V°ltmeh 

meter. For instance Ve as y° u r mul 

basic 1-ma movement a has meter ^ USes 
on] y 1,000 ohms per vo t a s Se 1 Si£ivity ' 
causes a very l aro I 1 Such a met. 

! n g when making d-c voltaf ^ 0rCUU Joa< 
ln modern radio TV rneasureni ent 

equipment. One’ mili’iofl gCne / ral electronic 
amperes) of current is n P TL I,00 °- micro 
needle ,o the full-scale ^ d ' f ' ect ,h< 
”«« requires only 50 ^ °"’ whi, o ou, 

fore, our meter is IoK \T r ' S - There- 
sensitive to changes 5 .n ~ “ mes more 

g m current. The volt- 

" W V 
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meter resistance of a 1000-ohms-per-volt d-c 
voltmeter is only 5,000 ohms, when used 
in the 5 VDC position. You can see that 
such a low-resistance voltmeter would 
cause a very large amount of circuit load¬ 
ing. For example, Fig. 8-lCa shows that the 
voltage drop across /? 2 is 5 volts. If a 1,000- 
ohms-per-volt d-c voltmeter is connected 
across with the RANGE selector knob in 
the 5 VDC position, the combined parallel 
resistance of the voltmeter and R 2 is: 


R applied 



p 5,000 x 100,000 

e< l “ 5,000 + 100,000 

500,000,000 

105,000 

= 4,760 ohms 

The voltage across the parallel combination 

of the voltmeter and identified as R is: 

z 7 eq 


E , R 

F applied x eq 

Re< l = R[ + R 

L eq 


The voltage across r 2 is 5 volts. 
(a) 


E applied 



10 x 4,760 
100,000 + 4,760 

47,600 

104,760 


When the 5,000 ohms of the voltmeter is 
in parallel with the /o0,000 ohms 
of r 2 , the equivalent resistance is 
4.760 ohms. 


(b) 


- 0.45 volts, as shown in Fig. 

8-106 and c. 


You can see that a TOOO-phms-per-volt meter 
is much more likely to load a circuit than is 
your highly sensitive 20,000 ohms-per-volt 
meter. 

8-3. A-C VOLTMETER SENSITIVITY AND 
CIRCUIT LOADING 


applied 



The a-c voltmeter is not used as often 
as the d-c voltmeter when troubleshooting 
and repairing radio receivers. However, 
when it is used, it is important to know 
what results to expect and under what con¬ 
ditions the meter will load the circuit. 
Earlier in this lesson, we learned that th.e 
sensitivity of a voltmeter in ohms per volt 
is equal to voltmeter resistance divided by 


R eq ( R 2 /n P° ra H e l //?£ 5 VDC 

range of the 1,000-ohms-per-volt 
meter) has 0.45 volts across it. 

(c) 

Fig. 8-10 

the full-scale voltage. For the 15-volt scale, 
our a-c voltmeter resistance is 100,000 ohms. 
Therefore: 
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Sensitivity = ijgistance of m- rrr 


-- 


6,667 ohm s per voit 

a-c scales “on”your nui^®® f ° r aJ1 o{ the 
UnUsuaJJ y hi gh "sensitivity G for‘ ^ " aa 

"teter compared ^ ^ ^ an ^ 

USed m multimeter cifc J t e s r jjc voltmeters 
a-c voltmeters on the ma p ^T 7 types o{ 

sitivi ty of only 1000 ohm *" ^ kaVe a sen ' 
voltmeter of this Tn ®, Per volt - An a -c 
tested more Tan’ a drcuit 
3S , your a-c voltmeter does Tk &S mUch 
3 lar « er voJta ^-reading error 1S feSUZtS in 

Another unusual feature r 

meter « the fact that y °“ r a ' C voIt ' 

measure an a - c voltaTk a " acc urately 

fflUch higher than mfst X g 3 
can manage. This ; c L h mul timeters 
manium diodes used as the S ei " 

voltmeter. (Diodes w lders in your a-c 
cussed fully i n T , nd re otifiers are dis- 
'his course.) Many „ Jl;"" 'ater in 
Pet-ox,de rectifiers, which do * COp ‘ 
a-c voltages at hicher a- c f " 0t '" eas “ re 
accurately as do « 

NOTE: Use fh„ 

sca '«. It is important' 0 ^ Pri , nted diaf 
us,n 9 any multimeter L remember ' when 

Poses that the correcI scTT'®" 16 "' pur ' 
example, when odjusfinl i t be read - 
OHMS control hi * 9 , of,mm eter ZERO 
-Jle reads zero *• *. indica,™ 

«“'• no, ™ ,L DC p 'inled 

Also, when readinn A 0 or AC scales. 

*• DC printed scole^nnj™ '° 9 l' d ° obser « 

A "d when mensnr^n “ nd "■>''he AC scale. 

AC — - c X d 

PART two 

8-4. POSSIBLE MULTIMETER TROUBLES 

When you have completed rh 

y °“ r K- 4 find rha,Ties' 


someth^’wCg^hl^r-t 3 ' ^ ^ 

will save you a lot of r'’ * eit her case, it 
know how to go aboutT C “ d eff ° rt if y° u 
and correctin/it. m„“ l"'"* tha -rouble 
fay affect your multimet ^ troubJes that 
hy carefully following r^ Can ke ioc ated 

instructions gi ven in the^fo!^^^ 001 '^ 
Do not try any short cuts Fo g Pa £ es - 

tn the troubleshooting proce^ ° W Step 

given and you w iji f pr ° ce dure m the order 
accidentai Hi ’ ".eter froe, 

tests. S Whlle y°u make yo Ur 

•hare ^ worh properly, 

h°r your multimeter there reaS ° ns ‘ however, 
of trouble ’ there are basic kinds 

in any ftncrion." d ° eS W ° rk ° n 3X1 y range 
more d-c voE!^”' WOrk °n one or 

more a-c voUmeTertanges!' ^ ^ ° ne ° r 
more ohmLtTr^g^ ^ W ° rk ° a one or 

more currentrlnges^ 8 W ° rk ° n ° ne «r 

volfagl^angel?" d ° eS n0t W ° rk ° n the output 

tha^olrowtere^frrf inStrUcd ° ns 

shoot your multimeter th ° y ° U troubJ e- 
of tests are basically the ^ ^ ^ 
multimeter that uses D’A , f ° r an y 
coil movement Th f sonval moving- 

and shunts for the V a lt^ 8 ^ ° f muld P li ^s 
°t any mulrime er Irl *" d CUrrent r an g es 

i" y ou r n,ul,i m e" r TeT " UCh Hke ,h »ac 

Lesson II „ " y°“ atudy Theory 

several SiffeT ™ U f ‘nd *«, there are 

ohmmerer cireal. Tl"!s"le “ 

important to know what ohL “ . ls 

af c being used in l mete 5 circuits 

that you may trace the ^ Cf multlme ter S o 

y trace them tn troubleshooting. 
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U 



Fig. 8-11 


Sometimes a schematic drawing may be ob¬ 
tained from the manufacturer of the multi¬ 
meter or from one of the organizations that 
publish schematics and service data for 
servicemen. 

Figure 8-11 shows the complete sche¬ 
matic diagram for your multimeter. At the 


time that you receive this booklet, you will 
not have wired the a-c section. However, as 
you know, these Service Practices booklets are 
designed to be kept handy for ready reference 
when needed, while you are taking the 
course and even long after you have finished 
the course. After you have completed wiring 
the a-c section of your multimeter, you may 
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have need for some of the information con¬ 
tained in this lesson. In the meantime, you 
may follow these instructions to check just 
the sections that you have completed. 

8*5. TROUBLESHOOTING YOUR MULTI¬ 
METER 

First Steps. When your multimeter does 
not work properly, you should first check to 
see if any part of the meter is working.For 
example, if you find that the meter does not 
operate on a d-c voltage range, the first 
step in troubleshooting would be to see if 
it works on any d-c voltage range. The next 
step would be to switch to ohmmeter opera¬ 
tion and connect the test prods together to 
see if the ohmmeter section works. If the 
ohmmeter operates properly, you can be 
sure that the trouble is in the voltmeter sec¬ 
tion. Or, if you find that an ohmmeter range 
does not work, first try the other ohmmeter 
ranges, and if they too do not work, then 
try one of the voltage ranges. To do this, 
you might turn the meter switches to the 
5 VDC position and measure the voltage of 
a single dry cell. If you get a proper voltage 
reading, then the trouble is probably limited 
to the ohmmeter section. If there is trouble 
only on one range or function, refer to the 
section that covers that function. For ex¬ 
ample, if your meter does not work on one 
or more d-c voltage ranges, turn to Tests for 
D-C Voltmeter Ranges. If, however, the 
meter does not work as either an ohmmeter 
or voltmeter, we may assume that it does not 
work on any range or in any function. In 
that case, it will be necessary to make the 
tests given in the following section until 
the trouble is found. 

Tests When Meter Does Not Work At All. 

First check the test leads. To do this, set 
the meter up for operation on the R x 1 ohm¬ 
meter scale. Then remove the red test lead 
trom the + pin jack. Connect one end of the 
black test lead to the COMMON pin j ack and the 
other end to the + pin jack. If the ohm¬ 
meter works, test the red lead in the same 
way. If the meter needle deflects for one 
test lead and not the other, you can be 
sure that the lead that causes no deflection 
is defective. Then test each end of the 
defective test lead for a break or a poor 


joint. To do this, hold the phone tip be¬ 
tween the thumb and forefinger of one hand 
and pull the test lead away from the pin 
with the other hand. If the insulation stretch¬ 
es., the break is at that end. If the connec¬ 
tion seems good at the phone-tip end, test 
the wire at the test-prod end in the same 
manner. 

If neither test lead causes any deflec¬ 
tion on the ohmmeter, remove the screws 
that hold the meter panel in the meter box. 
Remove the 1.5-volt dry cell and the 6-volt 
battery from the battery clips to protect the 
meter from being damaged during your tests. 
Then carefully check the following-circuit 
connections (shown by the heavy lines in 
Fig. 8-12.): 

1. The lead from the> black (COMMON) pin 
jack to the rotor of switch S 2 B 

2. The lead from the black (COMMON) pin 
jack to the rotor of switch S^A 

3. The lead from the red + pin jack 
to the rotor of switch SjB 

4. The rotor blade on each deck of switch 
S 1 to m ake sure that each makes a good con¬ 
nection with each contact clip 

5. The lead from the rotor of S 2 A to the 
negative post of the meter movement 

6. The lead from lug #2 of the a-c calibra¬ 
tion control P 2 to the positive post of the 
meter movement. 

If, after making the above checks, you 
have found no fault, the trouble is probably 
in the meter movement. So the next step is 
to check the movement. Of course, if either 
of the spiral springs or the moving coil is 
burned out because of meter overloading, it 
will be easy to see because the needle may 
be badly bent. However, it is possible for 
a meter movement to open up because of 
some defect in manufacture or because of 
rough handling. The meter movement may be 
checked in this manner: 

1. Disconnect all wires from both ter¬ 
minals of the meter. 
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2. Connect the negative terminal of the 
dry cell to the negative terminal of the 
meter, making sure that the positive terminal 
of the cell does not touch the positive ter¬ 
minal of the meter. 

3. Moisten both forefingers; place one 


finger on the positive terminal of the cell 
and one finger on the positive meter terminal 

4. Observe the meter needle; if there is 
even the slightest movement of the needle, 
it shows that the meter movement is operat¬ 
ing in a normal manner. 
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In the tests that you have just completed, 
the trouble should have been found. If the 
needle of the meter movement did not deflect 
at all, your trouble is in the movement. Do 
not attempt to repair it. This is a job for a 


skilled technician familiar with meter re¬ 
pairs. Write the school for instructions con¬ 
cerning the repair of the instrument. If the 
meter movement operated correctly during 
these tests, it would be a good idea to re- 


output o 



Fig. 8-13 
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solder all of the connections shown in Fig. 
8-12, because one of them may be making a 
poor connection. 

If the trouble has not yet been found, 
then we must assume that more than one 
trouble exists'. For that reason, it will be 
necessary to troubleshoot each section of 
the meter in the following order. 

Tests For D-C Voltmeter Ranges. If one 

or more voltmeter ranges do not operate, or if 
no trouble was located in the first group of 
tests, it will be necessary to test the re¬ 
sistors and connections shown by the heavy 
lines in Fig. 8-13. 

In testing the d-c voltmeter ranges, you 
may have found that the meter did not work 
on the 500 VDC range. In this case, the 
trouble can be only in the 8-megohm resistor 
R p the lugs to which it is soldered, or the 
contact clip SjBj of the RANGE selector 
switch. If you find that the connections are 
good, then you can be sure that the 8-megohm 
resistor must be replaced. 

If both the 100 VDC and 500 VDC ranges 
do not operate while the two lower ranges do, 
the trouble is most likely in the 1.5-megohm 
resistor /? 2 . However, before replacing this 
resistor, check the switch lugs S^B 2 an d 
SjB,. 

If only the 5 VDC range operates cor¬ 
rectly, then look for a defective 400 k-ohm 
resistor in L or a poor contact at switch 
lugs S-yB^ and S^B^. If no d-c voltage range 
operates, the trouble may be in either the 
80.1 k-ohm resistor R 4 or the 17.9 k-ohm 
resistor R 5 . To test these: 

1. Place the test leads in the COMMON 
and + pin jacks. 

2. Place the FUNCTION switch in the 
DC position and the RANGE switch in the 
25 VDC position. 

3. Remove %-inch of insulation from each 
end of a 6-inch length of solid hook-up wire. 

4. Connect the red test prod to the posi¬ 
tive terminal of the 6-volt battery (which you 


removed from the meter battery clips), and 
connect the negative test prod to the negative 
terminal of the same battery. It may be neces¬ 
sary for you'to have someone hold these test 
prods in place while you make the next tests. 

5. With the 6-inch lead that you just pre¬ 
pared, short out the 80.1 k-ohm resistor /? 4 , 
as shown in Fig. 8-14. 

If the meter moves 3 or 4 calibrations up 
from zero, you can be sure that R^ must be 
replaced. If there is no deflection of the 
needle, short out the 17.9 k-ohm resistor R 5 
with your 6-inch lead. If the meter needle 
moves 2 or 3 calibrations up from zero, you 
can be sure that R^ is defective. 

If there is still no deflection of the meter, 
check the lead between S 2 B^ and S 2 A 1 on the 
FUNCTION switch S 2 . If these connections 
seem to be good, resolder all the connections 
shown by the heavy lines in Fig. 8-13. If 
there is no trouble with the voltmeter section 
of your multimeter and you have made these 
tests carefully, you should have found the 
trouble by now. 

Checking For Causes of Inaccurate D-C 
Voltage Readings. Dry cells may be used to 
check whether the voltage readings are cor¬ 
rect. Dry cells are used because of their 
availability and known voltage. Ordinarily, 
a fresh 1.5-volt dry cell under no load may 
read as high as 1.7 volts on the 5 VDC 
range. Similarly, two 1.5-volt cells connected 



Fig. 8-14 
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in series may read as high as 3.4 volts. As 
the dry cells age and under loaded conditions, 
the voltage of a dry cell may become 1.5 
volts and lower. A wrong indication of voltage 
as read on any or all of the four d-c scales 
may be a wrong or changed value of resist- 
ance. For example, if the 5 VDC-scale read¬ 
ings are accurate, the 80.1 k-ohm and 17.9 
k-ohm resistors are normal. If the 25 VDC 
scale readings are accurate, the 80.1 k-ohm, 


17.9 k-ohm, and 400 k-ohm resistors are 
normal. But if the 100 VDC scale readings 
are not accurate, the 1.5-megohm resistor 
should be replaced. If R 1 has changed value 
or has a value other than the 8-megohms, the 
accuracy of the 500 VDC scale will be af¬ 
fected. If all d-c voltage ranges read high or 
low, either the 80.1 k-ohm resistor R 4 or the 
17.9 k-ohm resistor R 5 may have changed 
value or be of the wrong value. 


J 3 



Fig. 8-15 
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Another cause of inaccurate d-c voltage 
readings may be loose or poorly soldered con¬ 
nections, especially at resistor and switch- 
lug connections. A poor solder joint may 
either cause the voltage reading to be in¬ 
accurate or cause the meter needle to waver 
and sway back and forth. Make sure that all 
connections are well-soldered. 

If the d-c voltage readings are low on all 
ranges, it is possible that the 50-/xa meter 
may be faulty. If you have reason to believe 
that this is so, please write the school, sub¬ 
mitting voltage readings on the 5 VDC range 
of one, two, and three 1.5-volt dry cells con¬ 
nected in series along with any other per¬ 
tinent information. You will be advised by 
the school as to what should be done. 

Tests For A-C Voltmeter Ranges. These 
tests can be made only when you have al¬ 
ready wired the a-c section of your multi¬ 
meter. If this section has not been wired, go 
on to the next group of tests (Tests for Ohm- 
meter Ranges). 

In these tests, it is assumed that the 
multimeter works on the d-c voltage ranges 
but does not work on the a-c voltage ranges. 
To test the a-c voltage ranges, it is neces¬ 
sary to test that part of the multimeter circuit 
shown by the heavy lines in Fig. 8-15. 

1. Examine the connection between the 
FUNCTION switch lug S 2 ^3 anc ^ terminal 1 
on potentiometer P T 

2. Examine the connection between the 
FUNCTION switch lug S 2 # 5 and the common 
connection between the two 17V34 crystals. 

3. Examine each of the other connections 
to the two 17V34 crystal-diode rectifiers. 

4. Examine the connection between the 
centertap terminal 2 of the a-c calibration 
control P 2 and one of the 1/V34 crystals. 

If all of these connections are correct, the 
trouble may be in one or both of the 1/V34 
crystals. Test them as follows: 

1. Set up the multimeter for service on the 


R x 100 scale. (This means that it will be 
necessary to replace the 1.5-volt dry cell in 
its clip in the meter case.) 

2. Remove one of the crystals from its 
clip, Connect the black test lead to the cath¬ 
ode end of the crystal and the red test lead 
to the anode end. The resistance may be as 
high as 400 ohms. This is called measuring 
the forward resistance. 

3. Set the multimeter for service on the 
R x 10 k scale. Reverse the leads to the 
crystal and measure the resistance again. 
The resistance reading should be at least 
100,000 ohms. This is called measuring the 
backward resistance. 

4. Test the other 1A34 crystal in the same 
manner. If you have made these and other 
tests carefully, any trouble in the a-c volt¬ 
age section of your multimeter should have 
been located. 

Tests For Ohmmeter Ranges. The heavy 
lines in Fig. 8-16 shows the parts and con¬ 
nections that are in the meter circuit when it 
is used as an ohmmeter. These consist of 
four fixed resistors (/? 9 , 7? 1() , /? n , and /? 12 ), 
the ZERO OHMS control (P^), a 6-volt bat¬ 
tery, and a 1.5-volt dry cell. The parts ac¬ 
tually in the ohmmeter circuit when the 
RANGE selector switch is in the R x 1 posi¬ 
tion are shown in Fig. 8-17a. The 22 k-ohm 
resistor J? u , the ZERO OHMS control P v 
and the meter movement are in series with 
each other. This series circuit is in parallel 
with the 15-ohm resistor R~. When the test 
leads are shorted together, this parallel com¬ 
bination is placed directly across the 1.5-volt 
cell. When the ohmmeter is working correctly, 
the ZERO OHMS control P^ is used to adjust 
the ohmmeter to zero ohms. The only changes 
that take place in this circuit when the 
RANGE selector is turned to the R x 100 
position, as shown in Fig. 8-17&, are that the 
15-ohm resistor R 9 is cut out of the circuit 
and the 1,500-ohm resistor R lQ is connected 
in its place. Figure 8-17c shows the circuit 
when the ohmmeter is set up in the R x 10 k 
position. As you can see, the 110 k-ohm re¬ 
sistor R 12 and the 6-volt battery are placed 
in series with the 1.5-volt cell, and there is 
no parallel resistor in use. 
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Let us assume that the meter does not 
work on any ohmmeter range. The most prob- 
ab e fault will be that the 1.5-volt cell is 
defective or that it is not making good con¬ 
tact with the terminals of its battery clip. 
To test it, remove the cell from the clip and 
test it on the 5 VDC range. If it tests 1.? 


volts or higher, replace it in its battery clip 
and make sure that it is making good contact 
with the clip terminals. Set up the meter for 
operation on the R x 1 ohmmeter range. If the 
ohmmeter still does not operate, the trouble 
is an open circuit. It will be necessary to 
check the following connections: 



Eig. 8-16 
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Ohmmeter circuit in R x / position. 
(a) 



Ohmmeter circuit in R x too position. 

<b) 



Ohmmeter circuit in R x /OK position 
(c) 

Fig. 8-17 

1. The connection between lug S 1 B Q of 
:^e RANGE selector switch and the positive 
--g of the 1.5-volt battery clip 


2. The connection between the negative 
lug of the 1.5-volt battery clip to lug S ? A ? 
on the FUNCTION switch 

3. The connections of the 22 k-ohm re¬ 
sistor R n to lug S 2 B of the FUNCTION 
switch and to terminal 1 of the 30 k-ohm 
ZERO OHMS control P x 

4. The connection between terminal 2 of 
the ZERO OHMS control and terminal 2 of 
the a-c calibration control P 2 

If all of these connections are in good 
order, it would appear that either the 22 
k-ohm resistor R n or the 30 k-ohm ZERO 
OHMS control P x is open. To check these: 

Step 1. Remove the positive test lead 
from its pin jack on the meter panel and 
connect the negative test lead between the 
+ and COMMON pin jacks, as you did 
when you checked the test leads. 

Step 2. Moisten the forefinger of each 
hand and place one finger of each hand oh 
each lead of the 22 k-ohm resistor. 

If there is a deflection of the meter 
needle, you may be sure that R n is defec¬ 
tive. If there is still no deflection, test the 

ZERO OHMS control in the same manner _ 

place one moistened finger on terminal 1 
and the other on terminal 2. If there is a 
deflection of the meter needle, P x is de¬ 
fective. If there is no deflection, carefully 
resolder all of the connections that you 
have tested in the ohmmeter circuit. 

Let us assume that the ohmmeter does 
not work on the R x 1 position and that it 
does on each of the other two ohmmeter 
ranges. A possible defect is that the S l B 
rotor blade does not make contact with the 

^1^8 contact clip on the RANGE selector 
switch. 

Let us assume that the ohmmeter works 
on the R x 1 and R x 10 K ranges and does 
not work on the R x 100 range. A possible 
defect is in the connection between lugs 
and of the RANGE selector switch. 

Let us assume that the meter works on 
the two lower ohmmeter ranges but does not 
work on the R x 10 K range. The trouble then 
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is in either the 110 K-ohtn resistor the 
6-volt battery, the connection between^them, 
he connection between the negative lug 
of the 6-volt battery clip and the positive 

orfbM \ 5 r° k CH P- The ->o« 

probable trouble is that the battery is de- 

with The°V ^ 1 1 1S r 0 ' making g °° d contac t 
with the terminals of its clip. You can test 

t v ba “ Cry by m f,asuring its voltage on the 
5 VDC range. The connections should be 
carefuliy inspected, and if the ohmmeter 
still does not work on the R x 10 K ranee 

the trouble must be in the 110 k-ohm re¬ 
sistor ff 12 . re 

Dfher Causes And Cures For Improper 
Ohmmefet Operation. We will now assume 

ir U e f K meter needIe res P° nds a " d indicates 
a ree ranges when the two test prods 
are joined. However, it is possible, due to 
incorrect wiring or a defective part, for one 
more o the ranges to operate improperly. 

m f °d tbC Sym P toms °f improper operation 
on the R x 1 and R x 100 scales are: 

1. Meter needle does not advance all the 
way to the zero-ohms position with the prods 
joined, no matter how the ZERO OHMS knob 

r 5 :rr- n e r ue may be a weak 

1.5-volt dry cell, the value of R.. may be 
too high, or a resistor of very low value may 

o-TJf e i! miS - akenIy Used for the 15-ohm 
or 1,500-ohm resistor. On the R x 10 K scale 

either the 6-volt battery may be weak * 

( 1^2 ma y be too high. 

2. The meter needle forcefully goes be¬ 
yond full scale when test prods are joined 

ZERoThIk^ adjU , Sted tG Zer ° With the ’ 

ZERO OHMS control. The trouble may be 
incorrect wiring of both the 1.5-volt dry cell 
and 6-volt battery, or the values of /? may 
be too low. 11 y 

3. The ohmmeter does not accurately i n - 

cIThf r , eslst f nce values within the normal 
combined tolerance of borh the resistor 

being tested and the ohmmeter. The trouble 

: ay b h C that the 15 ‘ 0hm resistor is not wired 
into the circuit or that the 15-ohm resistance 
has changed value. 

• 4 - ^ ete / needIe deflects toward the left 

instead of toward the right when the prods 


ll7° lned - Thxa may be ca nsed by reversed 
cads connected to the 1.5-volt dry cell, to 

the 6-volt battery, or to the meter movement. 

Tests for Milliameter Ranges. Figure 8-18 
shows three resistors 

the circuit connections that are used in the 
mi hampere ranges. Let us assume that the 
milliameter section of the multimeter does 
not operate on any range. We will assume 
a J, y 7! have checked the test leads al- 
y. he trouble can be only in the RANGE 
selector switch ^ Examine the switch 
carefully to make sure that the rotor blade 

5th d Jy k S . maklng contact with the 

5th, 6th, and 7th lugs of each deck and that 
the connections to 1 Ug S 1 3 y are well-soldered. 

If the 1-ampere and 100-milliampere 
ranges do not work and the meter needle 
goes beyond full scale on the 10-ma range 

tbe 1 ' oh ' n resis tor « 6 ,the 9.1-ohm re- 
stor R 7 , or the 91-ohm resistor % is open 
or the connections between them are open 
or are not well-soldered. P 

Test these three resistors and their con¬ 
nections in this manner. Unsolder the 17 9 
k-ohm resistor R, from terminal 2 on the a-c 
calibration control P 2 . Make sure that the 

tourh end ° f fe f lstor does not in any way 

the oh 3,17 ° th f er 1Ug ’ Wire ’ ° r resistor - Set 
the ohmmeter for service on the R x 1 scale 

and measure the resistances of I^d 

correct!v &t id If M resistors test 

correct^, place one test prod on lug S,B 

and the other on lug S of the RANGE 

selector switch. If the/e ? is no deflection 

the meter, keep one test prod on lug S B 

and place the other one on {a If there ij 

and 1 n!° feadlng ’ kee P one test prod on 5. fL 
still nT th ^.° ther i 0ne on V 5 - If there is 
have h readlng ’ Place the Ptod that you 

is still n" m ° V ; ng ar ° Und 5 1 5 5- ^ there 

Whi 1 . lng ’ m ° Ve the P rod to S 1 B, 

!hn ^ P i° SU1 ° n giV£S y ° U a teading will 
show you that there is an open circuft be¬ 
tween it and the last position from which 
you measured. If you have located the ^ 
feet, resolder the free end of the 17 9 
k-ohm resistor R to terminal 2 of the a-c 
calibration control p 

R mSl 9ekln ? F ° r CaUSes of ,nacc *Jrate D-C 
Readings. In some cases, when your multL 
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Fig. 8-18 


meter is used to measure current, the current 
ranges may operate and still give you faulty 
readings on one or more ranges — readings 
that are too high or too low. When the position 
of the meter needle indicates an amount of 
current that is less than the actual current 
in the circuit, it will be because one or more 
cf the shunt resistors is of too low a value. 


If the position of the meter needle indicates 
a current that is more than the current ac¬ 
tually flowing in the circuit, or if the needle 
goes beyond full scale or bangs against the 
needle bumper on the right side of the meter 
movement, then one of the shunt resistors 
is either too high in value, the circuit has 
high resistance connection, or one or more 
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of the shunt resistors is open or not connec¬ 
ted. Such troubles may be checked by meas¬ 
uring the resistance of each of the three 
resistors and their connections that make up 
the milliameter shunts, as you did in this 
part of the troubleshooting instructions. 


Caution: Never change the position of 
the RANGE selector switch from one current 
range to another while the current is on or 
the meter is connected to the circuit. Never 
change from one current range to a lower 
current range without making sure that the 
current in the circuit will not overload the 
meter. Avoid damaging the diode rectifiers; 
do not measure current flow except when 


the FUNCTION switch is in the DC position. 
When measuring current, make sure that the 
RANGE selector switch is in one of the 
three current-measuring positions. 

Test for Output Ranges. If your multi¬ 
meter does not work on the output ranges 
and it works on the a-c ranges, the only 
possible trouble is in the 0.01 microfarad 
capacitor located between the OUTPUT and 
+ pin jacks. If there is no reading at 
all when measurements are taken with 
one test prod connected to the COMMON 
(black) pin jack and the other lead con¬ 
nected to the OUTPUT (yellow) pin jack, 
either one of the leads of the capacitor is 
broken or one of the two connections to the 
pin jacks is open. 
















